A new method which utilizes 13C-13C coupling for structural and biosynthetic studies on acetate-derived metabolites is described. The 13C-NMR spectra of dihydrolatumcidins separately labeled with 13CH313CO2Na and with a 1: 1 mixture of 13CH3CO2Na and CH313CO2-Na gave enough information to establish its structure.
Thanks to the development of Fourier transform NMR spectroscopy, the difficulty in taking 13C-NMR spectra of natural products has been greatly alleviated and, as a result, 13C -NMR spectroscopy is becoming one of the fundamental instruments for structural as well as for biosynthetic1) studies of natural products. "C -NMR spectroscopy is especially useful for structural elucidation of complicated compounds, since it provides information on non protonated carbons and the chemical shift of 13C nuclei is very large as compared with 'H nuclei to prevent the overlapping of signals .
However, "C-NMR spectroscopy is not completely satisfactory in that no information on adjacent carbons can be obtained due to the substantial lack of 13C-13C couplings in the usual 13C spectra, whereas 'H-NMR spectro scopy gives useful environmental information through proton-proton couplings.
This disadvantage of 13C-NMR spectroscopy can be partly overcome at the sacrifice of in strumental sensitivity by observing long range carbon to proton couplings in proton coupled spectra2) which would give, though limited, some information about carbon sequences.
In this circumstance, it could be very easily visualized that 13C-NMR spectroscopy would become a more powerful tool, were the observa tion of 13C13C couplings made possible by some new techniques.
Studies on 13C-13C coupling using highly Principle of the double labeling method When a microbial metabolite of polyacetate origin is labeled with doubly labeled acetate (13CH313CO2Na), the 13C-13C coupling should be observed with the metabolite between the C-C bonds which had formed the acetic acid molecule (represented by -in Scheme 1). In order to obtain an easily analyzable spec trum, care must be taken to avoid excess labeling which is caused by the simultaneous incorporation of at least two doubly labeled acetate molecules into adjacent positions in the same molecule (Scheme la). This unde sirable excess labeling could be simply avoided by diluting doubly labeled acetate with several SCHEME 1. 1 1 Represents 13C-13C Coupling.
times its amount of unlabeled acetate (Scheme lb). Of course, when the internal metabolic pool of acetate is rather large enough to result in a poor incorporation yield, the dilution would not be necessary. On the other hand, the 13C-13C coupling should not be observed between the C-C bonds formed by the con densation of acetic acid molecules (represented by ... in Scheme lb) due to the dilution by unlabeled acetate added and/or present in the fermentation broth. In the proton noise decoupled 13C-NMR spectrum of the labeled compound, each signal appears as a triplet, whose center peak is caused by naturally present 13C nucleus (1.1%). Therefore, the incorporation ratio can be calculated very easily by comparing the intensity of a central peak with that of the accompanying satellite peaks. Carbons derived from carbon sources other than acetate give peaks lacking 13C-13C coupling.
On the other hand, information on the other C-C bonds formed by the condensation of acetic acid molecules (represented by ... in Scheme 1) may be obtained by labeling the metabolite using mixed labeled acetate (1: 1 mixture of 13CH3CO2Na and CH313CO2Na). Although four combinations between these two differently labeled acetates are possible, only one (Scheme 1c) gives the desired 13C-13C coupling . In addition to the 1,2-coupling, 1, 3-and 1, 4-couplings (Scheme ld) may also occur. In this case, discrimination between the 1, 2-and 1, 3-or 1, 4-coupling becomes very important in the correlation of carbon signals. Fortunately, since the 1, 2-coupling is much larger than the 1, 3-or 1, 4-coupling, with the exception of cyclopropane deriva tives,8) the magnitude of the coupling constant is very useful in making assignment.
Since the probability of the simultaneous incorporation of CH313CO2H and 13CH3CO2H into an adjacent position in the same molecule to give 1, 2-coupling (Scheme 1c) is greatly decreased by unlabeled acetate present in the fermentation broth, the observation of 13C-13C coupling would become comparatively difficult where the internal pool of acetate is large in size.
The results obtained by using doubly and mixed labeled acetates are complementary to each other and will give the complete sequence of the carbon skeleton of the metabolite.
In addition to polyketides, the above men tioned "double labeling method" can be applied to steroids and terpenes which are biosynthesized from acetate via mevalonate9)
From the biosynthetic point of view, one of the advantages of using doubly labeled acetate is that this method makes it possible to know the occurence of any C-C bond fission during biosynthesis. The direction of the elonga tion of a polyketide chain can also be detected (R1CH2-CO ...CH2R2 or R1CH2. CO -CH2R2).10) Another advantage of this method is the enhanced sensitivity in detecting 13C enriched positions. Usually, the increase ment of signal intensity of poorly enriched metabolites, (for example, an increase from natural abundance of 1.1 % to 1.2 %) is very difficult to observe even when the labeled and unlabeled spectra are compared strictly under the same experimental condition, since the reproducibility of 13C-NMR spectra is not so tumcidin C10H13ON, a metabolite of Strepto myces reticuli var. latumcidicus,12) whose stru cture13) and biosynthesis"' had been pre viously established as shown in Fig.1 . The proton noise-decoupled 13C NMR spectrum of dihydrolatumcidin labeled with doubly labeled acetate (90 %) exhibited very strong peaks due to 13C-13C coupling (Fig. 2a) . Likewise, the 13C-13C coupling with weaker intensity appears in the spectrum of dihydro latumcidin (Fig. 2b) labeled with mixed labeled acetate (both 90 % enriched). It should be noted in this spectrum that C4a and C, couple respectively to two carbons and that C, and C, do not couple to any carbon. This indicates that these two carbons C, and C9 are located at the terminals of a polyketide chain involved in the biosynthesis of dihydrolatumci din. In this case, the signals of C4a and C, should be analyzed as the overlap of indepen dent two spin systems (AB or AX type) but not as an three spin system, since the probability of simultaneous labeling at three sequential positions in the same molecule is negligible.
The coupling constants, chemical shift and multiplicity on the off-resonance decoupling spectrum obtained with an unlabeled sample are sumarized in Table I .
From these data and the known chemical shift of carbons,',"' the carbon sequences as shown in Fig. 3a are very easily obtained from the sample labeled with doubly labeled acetate. Although another combination between C6 and CB is possible, namely -C5=C6H-, the magnitude of the coupling constant (J,,9= 53.4Hz) indicates clearly the latter possibility to be unlikely (cf. ethylene"' J1,2=67.2Hz; 1,3-butadiene17) J1,2=68.8 Hz and J,,3=53.7 Hz). These carbon sequences can be further extended as shown in Fig. 1 by utilizing the sequences obtained with dihydrolatumcidin labeled by mixed labeled acetate (Fig. 3b) . Based on the same reason described above, other possibility to connect C5 and C8, and C6 and C,, namely =C5-C8H= and =C6H-C7H=, can be ruled out.
The very small coupling constant between C, and C4a (J4,4a=30.7 Hz), both of which are substituted by an electronegative substituent, is in marked contrast with the larger coupling constant of vicinal glycols (for example, J5 ,6 of glucose=42.7 Hz18). This phenomenon can only be explained in terms of the presence of a strained ring system, i. e. an epoxide structure. The abnormaly small coupling constants have been reported for cyclopropane systems.19' The presence of the epoxide is also supported by the large 13C-H4 coupling constant (J13C.H= 178 Hz).8) Therefore, the remaining unex plained bonds of the heteroatom on C,a (which must be nitrogen) and the nitrogen bonding to C2 must be connected each other. Thus, the complete structure of dihydrolatumcidin has been established as shown in Fig. 1 . In cyclopropane, hybridization of the orbitals used in forming the internal bonds is close to spy and that for external orbitals is close to sp2.19) Therefore, the coupling constants of the bonds, C3-C4, C4a-C5, and C4a-C7a would be expected to be larger than those for corresponding normal bonds.
In fact, the magnitude of the coupling con stants of C3-C4, and C4a-C7a is close to that of sp2-sp3 and the C4a-C5 bond shows a sp2-sp2 character.
(J,a,5=57 Hz. This value is larger than that of C5-C5).
When the coupling constants of more than four carbons are too close each other to be unambiguously differentiated, carbon-carbon decoupling would be required to ascertain carbon sequences.
It should be emphasized that by the aid of the "double labeling method" we have arrived at the correct structure without using any other information usually available by conventional methods such as IR, UV and 1H-NMR spectro scopy.
This report is of biosynthetic importance because this is the first time that the direct evidence has been obtained for the biosynthesis of a natural product from acetic acid without FIG. 4,  any cleavage of the C-C bond of the acetic acid molecule (Fig. 1) .
This result clearly excludes other possibility of folding of a polyketide chain(s) to form dihydrolatumcidin. Although both pathways A and B in Fig. 4 are biosynthetically very unlikely, the result obtained with singly labeled precursors could not rule out these possibility.
